Effect of tetrahydrofuran on the binding of the competitive inhibitor proflavin and the storage stability of bovine pancreatic alpha-chymotrypsin. by Сироткин Владимир Александрович et al.
Еи . Life 5ci. 2009, 9, Го . 1, 82-88 
Revieve 
Еffесн о etrahydrofuran. оп #he binding of the 
competitive inhibitor proflavin and the огае 
stability of bovme pancreatic a-chymotrypsin 
The binding о the competitive inhibitor proflavin Ьу bovme pancreatic 
а-chy `motrypsin in water-tetrahydrofuran mixtures х 'а udied гп Ье entire гапе 
of thermodynamic water activities а 25°С . ТЬе data оп the binding of proflavin 
хтеге сошрагед with the resu1ts оп Ье огае stability оi а-chymotrypsin in 
water-organic mixtures. АН analysis о he concentratidn дерешдепсу of Ье8е 
characteristics demonstrated that, а 1ow water activity values, Ье interprotein 
contacts in Ье enzyme. iогтед during its drying largely оегп its functional 
ргорег 1е8, while at ЬщЬ хтаег ас 1У1 у, Ьеу аге detёrmined Ьу thё interaction оi 
Ье епщше with Ье organic solvent. ,The interplay о 1 Ье$е хло асог is 
responsiЫ е ог Ье сотр1ех shapё observed for. thё isotherm о binding о( 
proflavin, with а тахгтит 1егее о Ьinding being attained а medium ' ча1:ег 
activity values. у 
Кеуюоrде : a-chymotrypsin / Enzyme activity / 5 огае stability / O гganic solvents / Proflavin 
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lntrodutfidH 
Thi ог1с is aimed а solving а topical ргоЫ ет—нне elucida-
tion ойЬе physicdchetuital regularities о he fuHcfioпing о  
enzymes in organic media with 1о ater солеп . ТЫ8 
ргоЫ ет. is о consideraЫe mterest for поп-aqueous enzy-
то1ояу, ап mndvafidn-promising scientific агеа [1-3]. ТЬе иее 
of organic 8о1уёп1 а а reaction medium makes it possiЫe to 
ссеп11у conduct enzymatic reactions with hydrophobic 
сотроижде poorlt' во1иЫе in чаег. Non-aqueous organic 
media provide the possibility о conducting industrially 
important synthetic reactions that до по осспг in aqueous 
media (for ехатр 1е; pvptidgi svnthesis and esteTifitafioH). The 
enzymatic catalysis in organic ео1Уепtе is а competitive апй 
cost-saving есЬпо 1о8у .for producing . 8ыЪапсе5 о( high 
optical purity.. 
ОН the оЬег Ьапд, reactions catalyzed Ьу епаугое in 
organic liquids сам 1а1 е еоте hours. А high 1оп9-term stability 
оЫоса1а1у 8 is necessary to make епаутве catalysis in organic 
solvents iudиstrially еиссеееЕк1. 8оте articles Ьае Ьееп 
риЫ ished оп the,operational stability о enzymes, in 1ош чае  
containing organic iiquids. Епауше5 1о5 most о heir activity 
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expoHentially ирод their storage in organic solvents [4-61. 
Ноюеуеi, the mechanism оi enzyme inactivatio п in 1ою юаtег 
tdntaining organic solvents is still unc1ear. Therefore, it is с1еаг 
that studying the regularities of (bioctalysis 'in organic. тедга 
makes it possiЫe по оп1у to optimize various bioteclinological 
pгotgissvs but аfео substantia1ly exteгt the foHdarnental. 
1с11ою1еде оп the stability о епхуте тасгото1еси1ее аж! ап 
the огсе maintmniиfi Ье catatgfical1y active cdHfdrmation о  
епиуше и iдеТ conditions о 1оч чае coпtent. 
М presvnt, thgiTe is sobd giuidvnce Ьа reactions саа1уе 1 Ьу 
а-cht'tuotrt'priп in чаег апа organic media рТосеед via а siпgie 
mechanism [7]. ТЬе c1aerica1 competitive inhibitors о1 reactions 
catalyzed Ьу 
 -
с1 тотур5iп аге aromatic сотроипде ; гпс1ид-
ing proflavin (3,6-diamiпoacridine) [8-10]. 
Оме advantage оЕ proflavin is its ability to form а 1:1 
сотр1ех with the active site оЕ the а-chymotrypsin то1ес¢1е_ . 
Therefore, rfodginfi the regularities оЕ the binding of а 
competitive inhibitor тау Ье еТу informative Еог ипдег-
standing the nature оЕ the intermolecular Еогсе8 Ьа detenniпe 
the state оЕ the enzyme active site ю lie рТееепсе о1 ога пес  
media. Го ехатр 1е, it ча pTvvioostt' еhоюп that а hydro-
phobic effect is ТееропеiЫ е Еог 11е аffinity оЕ the сотреtiйиче 
iпhibitor to the епхуте in mixtures with high 'чаег , сопнепн . 
[8]. Binding оЕ proflavin to chymotrypsiп ха udied ш 
'чаег-ЕМ5О mixtures (with а чаег сопнепн оЕ тоге нЬап 40 
о1 °/о оТ а чаег activity оЕ nidrgi than 0.65) [9]. Fink showed 
that the enzyme affinity to proflavin десТеаеее with ап гппеаве  
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in Ье сопеп оЕ the organic solveпt. This еЕЕес ' а eoпtrib-
uted to both the decrease оЕ medium polarity ана the 
competitive iWhibition оЕ the елауше Ъу ГМ8О . Ноеуег, ло 
аЁёшр 1ла Ьееп таре to investigate the interaction оЕ 
proflaviп witЬ chyxnotrypsin гп organic solvents with 1оч 
water солел . ТЬеве circumstances motivated о o study the 
еЕес оЕ the organic sobent оп the Ьinding оПЬе coтpetitive 
inhibitor proflavin Ьу a-chymotrypsiп in the entire апе оЕ 
Ье thermodynamic наег 
 acfivity. 
Tetrahydrofuran ха choseп а he тоде1 во1Уепн дхге to 1 е 
following reasonE: 
(i) It is Wide1y used ю non-aqueous enzyxnology [i1-13]. 
(ii) Tetrahydrofuran is а water-misciЫe organic ,solvent. 
ТЬегеЕоге , it is possiЫe to study the еЕЕесЁ оЕ Ы$ 1оч  
molecukar organic substance оп the enzyme activity оег 
Ье Ьо1е гапе оЕ thermndynamic 'аег activity. 
(iii) It is сараЫе оЕ forтing аол hydrogen Ьonds with 
varinus hydrogen Ьопд tlongrs. Ночеуег, in cnпtrast to 
чаег, it 11а8 Но evideпt Ьудгоуеп ЬОпд аопаюп9 аЫПЁу  
The агт оЕ the ргееп чог1 was to апёу the еес ОЕ 
tetrahydrofuran оп аiе Ьindingюf the competitive iпhЪ tor and 
the 51юга8е  ability оЕ а-chyinotrypsiп iп order to elucidate what 
iпterinolecular рюсее рходисе Ье тагп еЕЕес оп the аае 
ана functioning о€ the епхутё а ЬгуЬ алд 1охт  water aetivities гп 
organic хпедга anд ю demoпstvate how common аге юЬе regu- 
larities observed Еог polar acetonitrile ана nonpolar аюохале  
[14, 15], the other Ьydrogen bond accepting ао1уела . 
2 Experiments and methods 
2.1 Materials 
Bovine pancreatic а-chymotrypsin (Sigma, Ыо . С 4rt129), 
esseпtially salt Егее ; ЁС 3.4.21.1) ана proflavin (Р-2508, Sigma) 
were леа without further р Шсаюiоп. Tetrahydrofuran 
(геа9епю гаае , purity> 99%) ха purified ана dried according 
юо the гесоюшепааююоп$ [ 16]. У'Таег 
 used чаа доиЫе -дгвнг11ед . 
2.2 Епугпе storage stability 
ТЬе enzyme stability was determined Ьу тeasuring the епауюе 
activity аЕЁег юЬе storage in water-organic mixtures. The тоде1 
ргосеа ыеа was юЬе hydrolysis оЕ N-асенуl-L-tyrosiпe ethyl 
ester (АТЕЕ) catalyzed Ьу а-chymotrypsin. ТЬе measurements 
.чеге performed оп а Hiranuma Comtite-101 potentiometric 
titrator (}арап) in the рН -внангс торе ан рН 8.0 ана 25 °С. The 
concentration оЕ the substrate чаа 4.0 х 10-3 то1/L. During 
the course оЕ the experiment, the рН а1ие was maintained аю а 
constant 1е~е1 Ьу adding а titrant ( а potassium Ьydroxide 
solution оЕ 1слочп concentration), which neutralized the асюа 
(N-acetyl-L-tyrosine) геиеааеа аюп8 the и1уаго1ую8. ТЬе 
kinetic сигме obtained чаа the time dependence оЕ the ашоепю 
оЕ юЬе геа8епю репt Еог titrating the acid released. ЕасЬ ltinetic 
curve а$ reproduced пою 1е88 than three times. 
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The reaction mixture was preparetl аа Ео11оча . А lyophilized. 
а-chymotrypsin preparation with а humidity оЕ 8.6±0.2°/о 
[g чаюег/ enzyтe] ча immersed юн ап aqueous-organic 
mixture оЕ а геопигеа composition_ ана аа юпсльаюеа  
аю 25°С Еог 1 h. This tixne period ехсеедед юЬе time corre-
sponding юо юЬе cDmpletion оЕ the calorimetvir heat еЕесю 
accompanying the interaction ' оЕ dehydrated proteins with 
рлге organic solvents апа аюег-огапюс mixtures [17]. ТЬе 
чаюег сопюепю оЕ юЬе initial chymotrypsin samples was 
measuvell Ьу dvying using а micrDthevmoaWalyztir " Setaram" 
МСЕТЕ -175 аю 25°С К апа 0.1 Ра until the сопюапю 
sample weight хаа reached. The сопюелю оЕюЬе с -сЬушоюгур5юп 
in the mixture хаа 1 mg/тi. Adding 100- µЁ aliquots оЕ 
the aqueous-organic solutioп оЕ а-chymotrypsin юо the 
араеоп solution оЕ the substrate, the enzymatic геасююоп was 
юпюююаюеа . 
А special experiment was performed юо юеаю юЖе reliability 
оЕ оог тethod. Рог this рпгрое , юЖе kinetic рагашеюега  
оЕ юЖе enzymatic reaction гп чаюег аю рН 8.0 ана 25°С чаа 
calculated Ьу using юЖе Michaelis -Menten equation юп  
юЖе integral form: КМ = 1.1 х 10-3(1.0 х 10-4) то1/L, Vтан/ 
[Е]0 = 209 (15) s - х . изпаег  similar сопаюююоп8 (25°С , рН 8.2), 
юЖе апюЖог$ оЕ [18] obtained а КМ = 1.2 к 1D-3 то1/L апа а 
Vm /[Е ] о = 155 в- х . These result Ьоч юЖаю опг method ю5 
quite ге1гаЬ е . 
ТЖе сопюепю оЕ ТНР юн юЬе final reaction mixture did пою 
ехсеея 0.5 ио1. °/о (ог 0.061 М ) юн а11 саsев . Tetrahydrofuran сап 
асЁ а а competitive inhibitor>like 1,4-dioxane [19]. This 
organic solvent has а югпсюпге similar юо ТНЕ TЬis cyclic еюЖег 
has Еолг ьуагориоьюс СН2-9гоар8 июисё ТНР. А special 
experiment was регЕогше юо юеаю this effect оп юЖе enzyme 
deactivation. Рог юЫ purpose, юЖе вWzymatic геасююоп юн юЖе 
шанег-ТНЕ mixtures (0.5 о1 °/о оЕ organic solvent) ' а  
аюпаюеа . 1'1о significant еЕесю оЕ ТНР оп юЖе lcinetic рагашеюега  
оЕ юЖе enzymatic геасююоп was obsexved. ТЬе Км ана Vml [ Е] о 
~а1ие in юЖе ргеепсе оЕ 0.5 °/д оf ТНЕ еге 1.4 (0.2) тМ ана 
201 (18) в- х . 
ТЖе юпьюьюююоп effect оЕ ТНР чаа quaWtitativelq tistunattili. 
WЬen the organic solvent асюа аа а competitive inhibitor, юЖе 
Michaelis сопюапю ип юЖе ргеаепсе оЕ юЖе competitive inhibitor 
сап Же defined а Ео11оха : 
Кцт = I 1 нК~ 1 КМ 	 ( 1) 
\ 	 т 
where [I] юа the competitive inhibitor concentration [ то1/L], 
к ю юЖе аюмосюаююоп coristanf оЕ юЖе enzyme-competitive 
юпьиьиюог cornplex [то1/L], KM,I ю юЖе Michaelis constant ип 
юЖе ргеаепсе оЕ юЖе competitive юпжюьююог, ана Км is юЖе 
Michaelis сопаапю ип thti аЬаепсе оЕ апу юпьюьююог [то1/L]. It 
сап Же еопс1идед охот Е . 1 that the component 
к 
и аЬопю 
0.27 ана юЖе К1 а1ие ю8 0.23. This Ж юн agreemeпt witЬ the 
results оЕ Bender ею а1. [19] хЖо аеюегшюпеа юЖе dissociation 
сопюапю оЕ юЖе chymotrypsin-competitive ипьиьююог сотр1ех 
Еог hydrogen bond accepting solvents. ТЖе К а1ие Еог 1,4-
dioxane ' аа found юо Же 0.32 (рН 7.8, 25 °С ). Рог comparison, 
the К' а1ие Еог beпzene (агошаююс organic solvent, typical 
competitive inhibitor оЕ а-chymotrypsin) Ж 0.0047 [8]. TЬis 
шеап юЖаю юЖе iWhibitioп еЕЕесЁ оЕ tetrahydrofuran Ж чеа1 юн 
юЖе аюпаюеа miкtures. 
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2.3 Ui-visiЫe $ресгор 11оогпегу  
These measuroeneWts_ хеге сопдиснед оп а Perkin-Е1те i 
Carabdc 35 доиЫе -Ьеат scaHHiWg гpectrophotDmeter а 25°С . 
Iп а11 experiments, the initial concentration оГ proflavin аб 
1.0 х i0 гоо1/ Т . The concentration_ оf Tris-НС1 ЬоГГег was 
0.05 то1/L (the рН оГ Ье апеопб solution таб 8,0). ТЖе 
initiak state ОГ а-chymotrypsin in the experiments with 
proflavin ха5 а solid protein preparation with а humidity оГ 
8:6 °/о [g water/g pyofeiH]. 
ТЬе аетее оГ Ьinding оГ proflavin Ьу а-chymotrypsin (iп 
the +range оГ ТНЕ concentrations where the enzyme is воiиЫ е ) 
хаб deterrained аб Го11о' б . Т1хе interactioo оГ proflavin 1 Ь 
the active site оГ the епауше results гп а shift оГ the бресгош 
оГ 1iе дуе (?тах = 444 пт iп чаег) to 1опег wavelengths. 
ТЬе intensity оГ the difference бресгош оГ а proflavin solution 
with гебресЁ но Ье identical solution `but containing 
a-ehymQfrypsiH is а теабиге оГ the fDrenctiDп оГ the 
eпzyтe-proflavin' сотр1ех . ТЬе атр1гниде оГ Ье тахгтит оГ 
the difference spectrum (? = 444 нт гп чаег) is 
propor~ional но the concentration оГ proflavin Ьоипд 
in the сотр1ех. Iп these experiments, the a-chyrnotrypsin 
coпcentration 'чаб varied from 6.2 х 10-6   о 1.9 х 
10 -4 то1/L. 
М 1оч ана moderate water activities, а which 
а-chymotrypsiп . is-'insoluЫe, the patterп оГ the difference 
бресгош is different. In this саге , the Ъiпding оГ proflavin 
Ьу a-chymotrypsin manifests itself аб а miпimum iп 
the ааГегепсе бресга. The amplitude о£ Ье miпimum 
is determined Ьу the десгеабе ю he coпcentration оГ 
proflaviп in the solution Ьесапбе оГ its bindiпg with 
a-ehymofrypsm. The fraction оГ bound proflaviп л'аб 
calculated Ггою Ье rafio оГ Ье amplitude оГ the miпimum 
iп the difference 8ресгош to the amplitude оГ Ье 
тахгтит iп Ье spectrum о£ the initial solution. In these 
experiments; the a-chymofyypsin concentration чаб 
1.9 х 10-4 то1/L. 
2.4 Thermodynamic ас1Ыу о1 аег in organic 
solveпt 
Х'Чаег activity [ аи ] iп organic solveпt was са1со1аес1 using thе 
ЕЧ.2: 
а = Ушч 	 (2) 
wheye х,,, 16 tho то1е fraction оГ water in the solution ана у,,, is 
the activity coefficient оГ 'аег [iп то1е fraction]; the standard 
state is роте чаег). 
Х'\Тает activity coefficients [ у,,,,.] were са1си1анед using the 
literature дана [20] оп the vapor-liquid equilibrium according 
о Ве Е . 3. 
УИ = 
хИРИ 
where у, is Ье уеабиед то1е fractioп оГ ''аег iп the иароу 
phase, Р is the оа1 ргеббиге , Р0 is the sctuyqfed арог ргеббите 
оГ роге water ан the same teтperature ана х,,, is the то1е 
fractioп оГ хаег iп Ье liquid phase. 
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3 Results апд discussion 
3.1 Enzyrae огае stabitity 
Fig. 1 shows the typical lciHetic сигуеб Гог fihe hydrolysis оГ 
АТЕЕ catalyzed Ьу а-chymotrypsin preliтinary ]псиЬанед iп 
water-organic. mixtures. ТВе catalytic activity-was character- . 
ized Ву the ratio оГ Ве ехеп оГ hydrolysis attained withiп 
2005 with а-chymotrypsin incubat еd iп а, water-organic 
mixture to the вате quantity теабигед using a-chyrnotrypsin 
incubated iп роге маtег ( бее Fig. 1, Сигие 1 ). 
Аб сап Ье seen йош Fig. 2, ТНР affectв Ье ecfctyfic activity 
оf Ье biocatalyst iп а complicated ау. М чаег activities Ггош 
0 to 0.4, the residual catalytic activity гетаiпб, virtually 
constant, еоа1 to '60% сотрауед to Ва observed аГег 
ineubqtion iп роге 'чает. Аб the LAatеr activity increases Ггою 
0.4 to 0.9, the residual catalytie activity десгеабеб 'sharply. М 
а ,;> 0.9, the residual catalytic activity increases, арргоасЫп9 
Ье 1е~е1 cori•esponding to Риме аег. 
ТВе К , ана Х/щах иа1иевог the Ьудонубiб оf N асену1-
L-tyrosine ethyl ester саtа1уzед Ьу a-chymotrypsin preliminary 
incubated iп water4t ethydrofiгraп mixtures чеге calculated 
Ьу usiryg the Michaelis-Menten equatoп iп the rotegral Гогш . 
Аб сам Ве seen Гтотв Figs. 2 апд 3, Ье К,,, а1оеб до по деред 
поисеаЫу оп хне щанег activity iп ТНЕ. ОН the other hcnd, the 
бЬаре оf the Vп,ах'water activity curve is co пsistent with the 
б1огае stabiliEy дерепдепсе . ТВе V,, values гпс1иде чо 
coWfyibufiQпs. kz and ЕТ (the оа1 атоипн оf епхуте ). Оуега11,. 
Ыб теапб that the chaпges in the V пак values оссиг ргоЬаЫу  
дие to the decrease iп the ашопп1 о£ the ëatalytically active 
£огт оГ а-chymotrypsin апгюп the incubatioп iп water-
organic mixtures. 
3.2 5ресга of proflavin in ,аег-ТНЕ mixtw гes 
Figure 4А shows the брес1га  о£ proflavin iп а water-ТНЕ 
mixture. Аб сам Ье seen frот Fig. 4А, хне organic solveпt 
100 
во 
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3 
4 
о 	 200 	 40о 	 60о 	 800 	 100 
Time [s] 
Figure 1 . Тургса1 kinetic сигуеб Гог the hyarol ysis of N-асенуf- С-
tyrosine ethyl ester catalyzed 6 у 6ovine pantyeqfic а-снуто ' 
trypsin preliminary iricubated in wate Г-fetrahydrofuran mixtures 
with various thermodynamic activities оГа1ег: (1) 1.0, (2) 0.01; 
(3) 0.7, (4) 0.87: 
о 
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Figure 2. (1) So1id-state so1vent-free hydrnlysh Ы N-succinyl-
L-phenylala п ine-p-nitroanilid ё . Modified data froт [22]. (2) 
Hydrolysis оf N-acetyl-L-tyroxine ethyl езег Ьу a-chymotryp в in 
preliminary incu6ated in water-tetrahydrofuran mixture з . Each 
erperiment was perforтed'2-3 гое . ТЬе experimental еггог  
еге 4-5%. (3) Binding оьие competitive i,nhibitor proflavin Ьу 
а-Ihymotrypsin in water-tetrahydrofuran т ixture з . А 1 а 1 ие аге 
the аегаеа о1 three оеа гетеа . ТЬе experi тentа l еггога 
л'еге 1-1.5%. , 
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Figure 3: Dependences Ы the V дн апд the К ,, \(а 1 ие оп the 
water activity in tetrahydrofuran. 
produces'ап appreciaЫe еЕес оп he shape Ы the proflavin 
8ресгыш . Рог ехатр 1е , а high аЁег activities, the shape Ы 
the ресга and the position оi he marimum аге similar to 
those-observed in pure чаег а рН 8.0. М аи <0.5, however, 
Ье skiape Ы the proflavin spectrum is markedly differevt: а 
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Figure 4. (А) Typical ресга of proflavin in water-tetrahydrofuran 
miкtures with various thermodynamic activities о 1 аег (1)-0.2, 
(2) 0.5 ; (3) 0.9 ап ( В , С) difference ресга Ы proflavin гп th е 
ргеаепсе о -сЬутогура i п. in water-tetrahydrofuran mixturex а  
а = (В) 0.2 ард (С) 0.6. ТЬе initial Innceatratioas Ы proflavin 
апс  enzyme were 1.0 х 10-5 
 and 1.9 х 10-4 то1/L, respectively. 
ТЬе Tris-HCI-6uffer concentration was 0.05 то 1/L. 
0.4 
0.3 
h~ 
v 
а 
 0.2 
О4 
 0.1 
0.0 
Wavelength [пт] 
Figure 5 . Typical a6sorption ресга Ы proflavin in аег at 
various рН уа 1ие~: (1) 5.9, (2) 7.8, (3) 8.5, (4) 10.5. 
печ 811огаУе absorption band арреаг8. The intensity Ы this 
band increases with the organic ао1 еп concentration, ' Ы1е 
the intensity Ы the 1оп8 чаУе Ьапё сопс iггеп iу с1есгеаае . ТЫ  
behavior ча interpreted ах reflecting the coexistenca Ы 1 о 
forms Ы proflavin, protonated and deprotonatad. Ах the чает 
сопеп in the чаег-ТНР mixtures аесгеааеа , the equi1ibrium 
shiftв очага he deprotonatecl Еопв . ТЫё  Conclusiotu is 
1 
2 
3 
4-. 
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supported Ьу the results о he following experiment. Fig. 5 
displays Ье spectra о proflavin in аег а various рН values. 
Ав сап Ье аееп , variations in the рН values аге accompanied Ьу 
the redistributiQH of the abundance5 о he ргоопаес1 
(predominant а 1оч рН а1неа ) апа deprotoлated (ргедо -
minant at Ы8Ь рН values) огш8 of proflavin, а it на$ in Ье 
саде in water-organic mixtures. 
3.3 Binding of proflavin in аег-ТНЕ mixtures 
In Fig. 4В , Ье difference аресгпш о proflavin in the ргеаепсе 
о -chymotrypsin witЬ геарес o the initial solution of 
proflavin is shown in ап aqueous-organic mixture with а = 
0.2. Аз сам Ье зееп , the ргезепсе о1 the епауше produces Но 
еЕесе оп the proflavin зрес1гпю . This теапз that in this 
mixture Но Ьinding о proflavin Ьу the enzyme occurs. А 
sirnilar spectrum чаз obtained ог the mixture with а = 0.3. 
Fig. 4С displays Ье difference зресгпш о proflavin in the 
ргезепсе о a-chymotrypsin with гезрес o the initial solution 
оi 'proflavin in аз aqueous-organic mixture with а = 0.6. 
Similar зресЁга неге obtained Еог mixtures with ап а = 0.4, 
0.5, 0.6, and 0.7. Within this гапе о1 чаЁег activities, 
a-chymotrypsin 'чаз iпзо 1иЫ е . Therefore, the dip in Ье 
difference зресга наз attributed to а йесгеазе in the сопсеа- 
txation о proflavin дие to its Ьinding Ьу the епщше . 
The binding о proflavin in water-organic mixtures хчаз 
qualitatively characterized Ьу Ье аЬзогЬапсе а he isosbestic 
point (а 414 пт). This 'чаз motivated Ьу Ье following 
chcamstonces. It is ип1гпоwп in ЬаЁ огш proflavin, рго о- 
nated ог аергоЁопаеа , is bound Ьу 1 е enzyme in aqueous-
organic mixtures. ОН the оЬег Ьапд , а he isosbestic point, 
Ье absorpBon coefficients о~ both огшз coincide. co гre-
spondrogly, Ьу measuring the changes in the аЬзогЬапсе аЁ 
414 пт , оме сап determine the changes in the concentration о 1 
Ье competitive inhЪitor in 1зе solution irrespective о 1зе 
bound огш . ТЬе ratio оi the аЬзогЬапсе at 11 е 414-пш point 
оЕ the difference зресгпш to Ье аЬзогЬапсе at the isosbestic 
point оЕ the spectrum оЕ the initial solution is а measure оЕ the 
fraction оЕ bound proflavin а а given concentration оЕ the 
епауше . ТЬе с1егее оЕ the binding оЕ proflavin Ьу а-снуто -
trypsin а а сопзап1 concentration оЕ the 1аег (1.9 х 10-4 
то1/L) аз а Eunction оЕ the water activity is displayed in Fig. 2. 
3.4 ЕГес о organic solvent оп the огае stability 
and binding о~ the 'competitive inhibitor 
ТЬе results regarding the зогае stability оЕ a-chymotrypsin 
and its ability to Ьi д proflavin were interpreted within the 
framework оЕ Ье тоде1 proposed in -[21, 22]. According to 
Ыз тоде1, the dеhydration оЕ proteins results in the forma-
tion оЕ згоп intermoleculoi соп1асз eia Ье estaЫ ishment оЕ 
hydrogen ьопаз and/or ionic Ьridges Ьечееп Ье side polar 
гоарз оЕ the protein (carboxyl, а1соно1, апа amino гопрз). 
Аз а гезц1, Ье rigidity оЕ the protein вtructure increases while 
ап appreciaЫe fraction оЕ the protein polar гопрз оЕ 11зе йгу 
protein, those involved in the •formation оЕ interprotein 
сontacts, becomes incapaЫe оЕ  acting аз sorptiorn sites. These 
changes manifest Ьешзе1 ез througЬ sorption hysteresis 
[21, 22]. Correspondingly, if these гопрз вnter into Ье 
composition оЕ the active site оЕ the enzyme, th ёy Ьесоте 
iттсараЫ 
 
е оЕ intemcting LAith the тоfеси1ев оЕ the вubstrate ог 
the competitive inhibitor. Аз а гезп1, a-chymotrypsin зЬоз 
по catalytic activity in reactions оЕ the solid phase hydrolysis а  
1о 'чаег activitiеs (а <0.4) in the аЬзепсе оЕ ап organic 
solvent ( зее Fig. 2) [23]. 
ОН the_other hand, it ' чаз demonstratеd that the stability 
аж! the struoure оЕ Не dried proteins аге substantially 
с1ереп 1еп оп the ability оЕ the organic зо1 еп ю form 
hydrogen bonds [24, 25]. Considerab е structural changes апа 
exothermic effects хчеге оьзег'теа 
 оп1у in зо1 епюз сараЫе оЕ 
forming зюгоп hydrogen ьопаз . Consequently, lcnowledge оЕ 
the югаёеоЕЕ Ьеюееп юНе hydrogen bond accepting аж! 
hydrogen Ьопс! йопаюш ргорегюзез оЕ юНе зо1 епю is вврогюапю  
for. predicting юНе possiЫ е influence оЕ organic то1еси1ев оп 
the EanetioHal characteristics оЕ the protein. Indeed, when юНе 
interprotein сопюасю  formed Ьу hydrogen ьопаз is Ьroken, а 
зо1 епю ( аюег ог ТНР ) тоiеси1е Ьав юо choose wifЬ шЬгсЬ 
6 ашепЁ it Ьав юо interact. 
чЧаюег то1ёси1ез саге зо1 аюе ЬбюЬ Ьydrogen Нож! accepting 
and hydrogen Нож! donating .groups оЕ а-chymotrypsiri. Ву 
сопюгазю, hydrogen Нож! accepting ТНР molecules чй1 
predominantly зо1 аюе Не hydrogen bond donatin гопр оЕ 
the broken сопюасю (юНе remaining hydrogen Нопй accepting 
гопр wi11 Ье шоге effectively solvated Ну хчаюег molecules). 
Thus, ТНР molecules аге incapaЫe оЕ Ьrealcing interprotein 
сопюасюз in the аНзепсе оЕ хчаюег. GoirеspQndmgly, юЬе inter-
actiori оЕ агу chymotrypsin with anhydrous'hydrogen ьопа 
accepting зо1 епю (like ТНЕ ) is пою accompanied Ну significant 
heat еесюз ог зюг iасюпга i сЖапез [23, 24]. ТЫз шеапз that, ан 
1о 'чаюег activitiеs, ТНР produces Но appreciaЫe еЕЕесЁ ОН the 
зюаюе оЕ юНе initially dehydrated еоауше . ТНегеЕоге , а signifi-
cant 1е~е1 оЕ catalytic activity аз observed аЕнех thё incubation 
оЕ СТ in 1 е aqueous-organic зЫепю аю аИ<0.4 ( зее Fig. 2). 
ОпIу аЬое the threshold protein humidity (6=0.1 g чаег/ 
g 
 
ежуше ог а, =0.4-0.5), юЬе inobility оЕ protein macro- 
molecules increases markedly, the catalytic activity rises shar 
р1у, апа юНе зюаюе оЕ the secondary struoure approaches юНаю оЕ 
юНе native protein [20, 11, 25-26]. It should Ье поюеа that юЖё 
significant increase in the аегее оЕ Ьinding оЕ the competitive 
inhibitor` апд юНе catalytic activity оЕ the епауше in юЬе хеас-. 
tion оЕ юНе solid-phase hydrolysis еге аизо оьзегеа аю а 
0.4-0.5 (зее Fig. 2): According юо юЬе proposed тоде1, аю 1о  
ча1ег activities; чаюег molecules репеюгаюе into юНе struoure оЕ 
юНе dried епауше , Нгеа1 interprotein сопюасюз , апа hydrate the 
polar гопрз оЕ Незе сопюасюз . Аю 1о 'чаюег activities, inter- 
protein сопюасюз р1ау а negative ro1e, hindering юЬе formation 
оЕ the active Еогю оЕ the епауше . ТЬив , юНе зюае оЕ breaking 
interprotein сопюасюз р1ауз а кеу role in юНе behavior оЕ  
proteins in organic media. 
Аю а %. > 0.5, юНе catalytic activity оЕ the епауше апа its 
ability юо bind proflavin агу 'in а similar ау, both passing 
througЬ , а minimum аю аИ=0.8-0.9. ОН the other Ьапд, the 
enzymatic activity in the аЬзепе оЕ the дrganic solvent з]аоз 
Но minimum аю high хчаюег activities. ТЫз зпезюз юЬаю , аю  а 
higЬ аеее  of,hydration оЕ the enzyme, wfien шозю оЕ юНе 
interprotein сопюасз  аге а1геаду Ьго!сеп, the interaction witЬ 
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ап orgaпic solvent determines гне fuпctional characteristics of 
the епауше . It was.demonstrated [21, 221 that, in this гатще о  
water actiyities, the enzyme is аеп iлаеа Ьу а hydrogen bond 
accepting solvent witЬ the formation оf interтolecular 
(3-structures. 
М moderate наег activities, Ье degree о Ьinding о  
proflavin ( а5 demonstrated in Fig. 2) рае hrough its 
тахгтит, reflectiпg Ье iпterplay between tHe following 
рюсее . Оп the опе hand, the Ьуд i аtiоп оi Ье enzyme is 
а1геаду Ьigh enough, so that its conformation is close to the 
native опе . Оп Ье other hand, some interprotein co пtacts 
remain unbroken, а Еасог Ьа plays а positive хо1е Ьу 
Ьiпdering Ье denaturation оЕ the епауше Ьу the organic 
solvent. 
It is а1 о гетагkаЫе that, а Ео11ох Етош Fig. 2 ана Ье 
ааа reported in [14, 15], the shapes оЕ the isotherms оЕ 
binding оЕ proflavin Ьу a-chymotrypsin апй the positions оЕ 
the rnaximum аеее оЕ binding in ТНЕ, дгохапе , ана acet-
onitrile асе similar. These попе1ес1то1уе рое identical 
> hydrogen Ьопд accepting aБilities with ге$ресЁ to чаег, а  
indicated Ьу the similarity Ьечееп Ье entЬalpies оЕ specific 
interaction ОНпСо/s (spec.) (-18.0 kJ/то1е Еог acetonitrile, 
19.З 1сТ/то1е Еот  dioxane, —19.7kJ/то1е Еог ТНР [27]). Гог 
comparison, УЬе enthalpies оЕ specific interaction оЕ чаег with 
benzeпe, ана РМ8О еуиа1 -1.5 ана —33:11cJ/томе , respec-
tively. TЬis глеап hat the formation оЕ the еnzуте -сотре-
titive inhibitor сотр1ех in шоаегае - епь hydrogen ьопа 
accepting solvents, висЬ а THF, dioxane, ана acetonitrile, 
exhibits similar regularities а 1оч ' аег activities. 
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